ABSTRACT. This investigation is continuation of our studies of the geodetic (relativistic) rotation of the Solar system bodies (Eroshkin and Pashkevich, 2007) and (Eroshkin and Pashkevich, 2009 ). For each body (the Moon, the Sun, the major planets and Pluto) the files of the values of the components of the angular velocity of the geodetic rotation are constructed over the time span from AD1000 to AD3000 with one day spacing, by using DE422/LE422 ephemeris (Folkner, 2011) , with respect to the proper coordinate systems of the bodies (Seidelmann et al., 2005) . For the first time in the perturbing terms of the physical librations for the Moon and in Euler angles for other bodies of the Solar system the most essential terms of the geodetic rotation are found by means of the least squares method and spectral analysis methods.
INTRODUCTION
The geodetic rotation of the body is a most essential relativistic effect it's rotation. It is effect consist of two effects: the geodetic precession is the systematic effect and the geodetic nutation is the periodic effect. These effects have some analogies with precession and nutation, which are better-known events on the classical mechanics. Their emergence, unlike the last classical events, are not depend on from influences of any forces to body, represents only the effect of the curvature of space-time, predicted by general relativity, on a vector of the body rotation axis carried along with an orbiting body.
In the previous investigations (Eroshkin and Pashkevich, 2007) and (Eroshkin and Pashkevich, 2009 ) the problem of the geodetic (relativistic) rotation of the major planets, Pluto, the Moon and the Sun were studied by using the DE404/LE404 ephemeris (Standish et al., 1995) . The most essential terms of the geodetic rotation in the projections of the angular velocity vector of the geodetic rotation for the body of Solar system were found.
The main purposes of the present research:
1. To obtain a new method for calculation the values of the geodetic rotation of any bodies of the Solar system.
In the first time for the perturbing terms of the physical librations of the Moon and for
Euler angles of the other Solar system bodies to define new high-precision values of the geodetic rotation of the dynamically adjusted to the DE422/LE422 ephemeris (Folkner, 2011) .
METHOD OF THE PROBLEM SOLUTION
In order to attain these aims the problem is studied by means new method for calculation the values of the geodetic rotation of any bodies of the Solar system:
A) The problem of the geodetic (relativistic) rotation of the Solar system bodies (the Moon, major planets, Pluto and the Sun) is studied with respect to the proper coordinate systems of the bodies (Seidelmann et al., 2005) .
B) The values of the velocities geodetic rotation are determined (in the perturbing terms of the physical librations for the Moon and in Euler angles for others Solar system bodies) over the time span from AD1000 to AD3000 with one day spacing by using the DE422/LE422 ephemeris.
C) The most essential terms of the geodetic rotation are found by means of the least squares method and spectral analysis methods.
A. The problem of the geodetic (relativistic) rotation of the Solar system bodies (the Moon, major planets, Pluto and the Sun) is studied with respect to the proper coordinate systems of the bodies (Seidelmann et al., 2005) . The positions and velocities of the bodies are defined by means the DE422/LE422 ephemeris.
It is well known that the vector of the angular velocity of the geodetic rotation of a body i, which is the most essential relativistic component of the body rotational motion around the proper center of mass, is defined by the following expression (Eroshkin and Pashkevich, 2009 ):
Here c is the velocity of light; G is the gravitational constant; j m is the mass of a body j ;
, , ,
R R R R are the vectors of the barycentric position and velocity of bodies i and j . The symbol u means a vector product; the subscripts i and j correspond to the Moon, the major planets, Pluto and the Sun. The relativistic angular velocity vector for any Solar system bodies is calculated as follows:
Here and further the body index i is omitted; Z is Newtonian angular velocity vector for any Solar system bodies.
The reduction of the components of the angular velocity vector of the geodetic rotation of the Solar system bodies, from the geocentric reference frame (the reference frame of DE422/LE422 ephemeris (Folkner, 2011) ) to the body-centric reference frames, given by Seidelmann et al. (2005) , are found from the triangle (presented in Figure 1 ), which is used to define the direction of the angular velocity vector of the geodetic rotation for any body of the Solar system, by means of the following formulae: 
and by means of the following matrix product: are taken from Bretagnon et al. (1998) (the equatorial coordinate system of DE422/LE422 ephemeris is put to the fixed ecliptic and dynamical equinox J2000 in the result of two rotations: a rotation in the equator plane
at the angle ' to the point of the dynamical equinox J2000 and the rotation at the angle 0 The transformation in previous investigation (Eroshkin and Pashkevich, 2009 ) by means of the following matrix product: (6) where \ V is the geodetic motion of the equator of a body on the fixed ecliptic J2000; T V is the geodetic variation of the obliquity of the equator of a body to the fixed ecliptic J2000; M V is the projection of the angular velocity vector of the geodetic rotation of a body to the axis of its angular velocity vector of the rotation; index Ecl correspond to the fixed ecliptic of epoch J2000, index Equ correspond to the equator of body. For each body the values of these projections were determined over the time span from AD1000 to AD3000 with one day spacing by using the DE404/LE404 ephemeris. The most essential terms of the geodetic rotation were found by means of the least squares method and spectral analysis methods. Here was finished previouse investigation.
The projections of angular velocity vector on the main axes of the inertias of Solar system body are defined by the Euler kinematical equations (Woolard, 1953) : (7) Here ȥ, ș, ĳ are Euler angels, the dot denotes a differentiation with respect to time. From the difference between the relativistic (2) and Newtonian angular velocity vectors of Solar system body is received the following expression:
Here and further ȥ, ș, ĳ are Euler angels in Newtonian case and ȥ R , ș R , ĳ R are Euler angels in relativistic case, ; ; cos cos
relativistic and Newtonian components of the angular velocity vectors of Solar system body. In this study, it is considered that:
As a result from (8) and (9), following expressions are obtained: (10) Expressions for the perturbing terms of the physical librations of the Moon for the fixed ecliptic of epoch J2000 are defined by the following (Pashkevich and Eroshkin, 2011) : (11) where W , U and V are the perturbing terms of the physical librations of the Moon in the longitude, in the inclination and in the node longitude, respectively; \ is the longitude of the descending node of epoch J2000 of the lunar equator; I is a constant angle of the inclination of the lunar equator to the fixed ecliptic J2000 ( I ~ 1 o 32'); T is the inclination of the lunar equator to the fixed ecliptic J2000; M is the proper rotation angle of the Moon between the descending node of epoch J2000 and the principal axis of the minimum moment of inertia; L e is the mean longitude of the Moon and : is the mean longitude of the ascending node of its orbit.
As results of the elementary transformations from (10) and (11) 
Here the dot denotes a differentiation with respect to time.
B. The values of the velocities geodetic rotation are determined (in the perturbing terms of the physical librations for the Moon and in Euler angles for others Solar system bodies) over the time span from AD1000 to AD3000 with one day spacing by using the DE422/LE422 ephemeris. The behavior of these values of the velocities geodetic rotation for the major planets, Pluto, the Moon and the Sun are depicted in Figures 2 -12. cos Some asymmetry of the components of the angular velocity vector of the geodetic rotation for Mercury (presented in Figure 4 ) and for Pluto (presented in Figure 5 ) is explained by the relatively large eccentricity of their orbits (e) as compared to the other planet orbits (Table 1) . The sharp peaks of the curve correspond to Mercury's and Pluto's transits via perihelia. The values of the eccentricities for Mercury orbit and for Pluto orbit are close to each other. This fact explains a similar character of the behavior of the components \ ' and M ' for these planets. Since Mercury is the nearest planet to the Sun then it is clear that its geodetic rotation has to be the most significant in the solar system. The vector of the geodetic rotation of the Sun is determined by the orbital motion of the planets. Since the masses of the planets are essentially less than the mass of the Sun then the geodetic rotation of the Sun is very small. Its main part (presented in Figure 12 ) depends on the orbital motions of Jupiter, as the heaviest planet in the solar system, and Mercury, as the nearest planet to the Sun. Q Q are phases and frequencies of the body, which taken from (Brumberg and Bretagnon, 2000) and (Eroshkin and Pashkevich, 2007) ; t is the time in the Julian days. After analytical integration (11) dt x x ' ' ³ and application of "Cascade" method:
¦ ¦¦ 
(where 4 m ) are received the expressions of the systematic and periodic terms of the body geodetic rotation: The values of the systematic (Table 1 ) and periodic (Table 2) terms of the body geodetic rotation were calculated a new above-mentioned method with using ephemeris DE422/LE422. (Brumberg and Bretagnon, 2000) ǻȥ ( In Table 1 and Table 2 : D = Ȝ 10 -Ȝ 3 + 180º, Ȝ j (j=1,...,9) are mean longitudes of the planets and Pluto; Ȝ 10 is mean geocentric longitude of the Moon; e is eccentricity of Solar system bodies orbits; T is means the Dynamical Barycentric Time (TDB) measured in thousand Julian years (tjy) (of 365250 days) from J2000. The mean longitudes of the planets and the Moon were taken from (Brumberg and Bretagnon, 2000) . The mean longitude of Pluto was taken from previous investigation (Eroshkin and Pashkevich, 2007) .
It is easy to see that the values of the secular parts of the geodetic rotation of each body depend on its distance from the Sun (Table 1) . For any body of the Solar system the periodic terms of the geodetic rotation depend not only on its distance from the Sun (Table 2) , but also on the values of the eccentricities of their orbits (Table 1) . So, since the value of the eccentricity for Mars is larger than that for the Earth then the amplitudes of the main periodic terms in the components of the geodetic rotation of Mars (Figure 7 ) are larger those that for the Earth (Figure 2 ).
The Table 1 and Table 2 show that that the systematic and periodic terms of the geodetic Earth's rotation this study coincides well with similar terms in Brumberg and Bretagnon (2000) . The remarkable difference in the sign of the cubic terms in Table 1 is explained by the different theories of the orbital motions. So, the semi-analytical solution of Brumberg and Bretagnon (2000) is essentially based upon the semi-analytical theory of the rigid Earth rotation SMART97 by Bretagnon et al., (1998) and the semi-analytical theory of the orbital motion of the major planets VSOP87 by Bretagnon and Francou (1988) , while the results of the present paper are based upon DE422/LE422 numerical ephemeris.
This fact demonstrates the effectiveness and reliability of the proposed new method for calculating the values of the quantities of geodetic rotation for any solar system body.
CONCLUSIONS
New method for calculation the values of the geodetic rotation any bodies of the Solar system was received. This method has a good confirmation of the results for the Earth case.
For the first time new high-precision values of the geodetic rotation of the major planets, Pluto and the Sun were obtained for Euler angles.
For the first time new high-precision values of the geodetic rotation of the Moon ephemeris were obtained for the perturbing terms of the physical librations. These analytical values of the geodetic rotation of the Moon will be use for the numerical investigations of the Moon rotation in the relativistic approximation.
All the above analytical values of the geodetic rotation of the Solar system bodies are dynamically adjusted to the DE422/LE422 ephemeris.
This study confirms the all findings of our previous investigations (Eroshkin and Pashkevich, 2007) and (Eroshkin and Pashkevich, 2009 ): The secular terms of geodetic rotation of each planet of the Solar system depend on their distance from the Sun, the mass of which is dominant in the solar system.
For any planet the periodic part of the geodetic rotation depends on its distance from the Sun and from the values of the eccentricities of their orbits.
The main periodic part of the geodetic rotation of the Moon is determined not only by the Sun but also by the Earth, which is the nearest planet to the Moon.
The geodetic rotation of the Sun depends not only on the orbital motion of Jupiter, as the heaviest planet in the solar system, but also on the orbital motion of Mercury which has the most rapid orbital motion.
For the Sun, giant planets and Pluto the geodetic rotation is insignificant.
For the terrestrial planets and the Moon the geodetic rotation is significant and has to be taken into account for the construction of the high-precision theories of the rotational motion of these bodies.
Geodetic rotation has to be taken into account if the influence of the dynamical figure of a body on its orbital-rotational motion is studied in the post-Newtonian approximation.
The lunar laser ranging data processing has to use the relativistic theory of the rotation of the Moon, as well as that of the Earth.
